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Abstract 
HThis paper investigates the non-fragile cost-guaranteed 
∞
control problem for uncertain nonlinear 
sampled-data system with time delay and controller gain perturbations. Firstly, the continuous control 
plant of sampled-data system is transformed into a discrete system model with nonlinearity. Then, the 
Lyapunov stability theory and the linear matrix inequality (LMI) approach are applied to design a non-
fragile cost-guaranteed H
∞
 controller, which guarantees the asymptotic stability of the resulting closed-
loop system for all admissible uncertainties and nonlinearities. At the same time, the existed condition 
and the design approach of a non-fragile cost-guaranteed H
∞
 controller are presented. Finally, simulation 
examples are employed to verify the validity of the proposed control algorithm. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
Robust control for sampled-data system is one of the most active subjects in the control field[1, 2]. 
Due to the time-delay uncertainty[3, 4], the structures and parameters of systems have a large change, the 
performance of systems are affected unavoidably, and the systems may even become unstable. The design 
problem of robust controllers for systems with parameter uncertainties has drawn considerable attention 
in recent publications[5, 6]. 
However, the controllers derived in the above publications are robust to the plant uncertainties, their 
robustness to the uncertainties in controllers themselves has not been studies. Keel and Bhattacharyya has 
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shown by a number of examples that the controllers designed by using the ,  and 2H H∞ μ formulations 
may be very sensitive, or fragile, to errors in the controller coefficients[7, 8, 9, 10, 11], although they are 
robust to plant uncertainties. Recently, there have been some productions to tackle the non-fragile 
controller design problem. However, to our knowledge, there have been few results in the literature of any 
investigation for a non-fragile cost-guaranteed controller design of uncertain nonlinear sampled-data 
system.The above situation is exactly what concerns and interests us. 
In this paper, because of the nonlinear sampled-data system complexity, the problem of non-fragile 
cost-guaranteed control for uncertain nonlinear sampled-data system and controller gain perturbations is 
considered. Several stability criteria for existence of the non-fragile cost-guaranteed controller are derived 
in terms of linear matrix inequality(LMI). 
2. Preliminaries and Problem statement 
Consider the plant of sampled-data system described by 
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where  is the state vector, and is the control input, is the measured output, 
is the external disturbance input that belongs to ,
( ) Rnx t ∈
R p
( ) Rmu t ∈ ( ) Rlz t ∈
( , , )( )tω ∈ 2 [0, ]L ∞ f x u t  is the uncertain nonlinear 
function vector, , and 0(0,0, ) 0f t = f satisfies the Lipschitz condition.  
Assumption 1. The continous plant is time-driven with a constant sampling period .( 0h h > )
Discretizing system (1) in one period, we can obtain the discrete state equation of the plant of 
sampled-data system 
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[ ] [ ]0 1 0 0 1( )G G H MF k E E EΔ Δ Δ = 2                                                  (3) 
In the sequel, we assume that the nonlinear uncertainty ( , , )f x u k  satisfies                                                   
T T T
11 22( , , ) ( , , ) ( ) ( ) ( ) ( )f x u t f x u t x k Q x k x k d Q x k d≤ + − −                                     (4) 
where ,  are known positive definite matrix. 11Q 22Q
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0k
       we select the quadratic cost function for system (2) as follows: 
T T[ ( ) ( ) ( ) ( )]J x k Qx k u k Ru k
∞
= +∑
=
                                                   (5) 
where  and are given positive definite matrices of appropriate dimensions. Q R
       The objective of this paper is to design a non-fragile cost-guaranteed H
∞
controller 
( ) ( ) ( )u k K K x kΔ= +                                                        (6) 
such that the resulting closed-loop system satisfies 
1) when ( ) 0kω = , the closed-loop system is asymptotically stable. 
2) cost function (5) J J ∗≤ , J ∗  is some specified positive constant. 
3) given scalar 0γ > and system (2) zero initial condition, there exists 
2 2
( ) ( )z k kγ ω<
       In controller (6), K is the nominal controller gain, and KΔ represents the gain perturbations. In 
general, there exist the following two types of perturbations: 
       Type 1: the addtive form 
3( )K MF k EΔ =
       Type 2: the multiplicative form 
4( )K MF k E KΔ =
where 3,M E  and  are known constant matrices, and 4E ( )F k is uncertain parameter matrix, which 
satisfies T ( ) ( )F k F Ik ≤ .
Remark 1. The controller gain perturbations can result from the actuator degradations, as well as 
from the requirements for re-adjustment of controller gains during the controller implement stage [12]. 
These perturbations in controller gains are modeled here as uncertain gains that are dependent on the 
uncertain parameters. The model of additive uncertainties [8] and multiplicative [9] are used to describe 
the controller gain variations. 
       Lemma 1[13] (Schur complement) For a given symmetric matrix with
, the following condition are equivalent: 
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Lemma 2 [14] For given matrices T ,Q Q= ,H  and , with approcaite dimensions  E
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T 1 T 0Q HH E Eε ε −+ + <
3. Main Result 
Theorem 1 For system (2), if there exist scalars , and matrices 0iε > 1, ,3i = L K , KΔ ,  and 
with approciate dimensions such that for all admissible uncertainties the following matrix inequality 
hold: 
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then  is an additive non-fragile cost-guaranteed 1( ) ( )u k YX x k−= H
∞
control law and the corresponding 
closed-loop cost function satisfies  
T 1(0) (0) *J x X x J−≤ =                                                        (7) 
where 
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Proof. Lyapunov stability theory and LMI approach are applied to solve non-fragile cost-guaranteed  
 controller. As H
∞
space is limited, proof is omitted. 
Remark 2.  At the same time, a multiplicative non-fragile cost-guaranteed H
∞
control law may be 
design. 
4. Numerical Example 
Consider control plant of system (1) with 
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According to Theorem 1, solve the corresponding problem via the feasible solver in LMI toolboxs. 
[ ] [ ]1 *0.7291 0.8031 , 0.4011 0.2364 , 1.5234 1.8825 , 5.3230
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5.  Conclusions 
In this paper, based on the Lyapunov stability theory, we have consider a non-fragile cost-
guaranteed H
∞
controller design problem via memoryless state feedback control for uncertain nonlinear 
sampled-data system and controller perturbations in an LMI framework. The parameterized 
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representation of a set of the controller, which guaranteed not only the robust stability of the closed-loop 
system but also the performance index bound function, has been provided in terms of the feasible 
solutions to the LMI. 
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